Objective: Our aim was to compare the clinical characteristics including risk factors, comorbidities, short-term outcome and long-term mortality in acute ischemic stroke patients with or without diabetes mellitus. Methods: This study includes all consecutive patients with acute ischemic stroke admitted to the Stroke Unit, Department of Neurology, Haukeland University Hospital between February 2006 and January 2012. The National Institute of Health Stroke Scale (NIHSS) was used to assess stroke severity on admission. Short-term outcome was determined by the modified Rankin scale (mRS), NIHSS, and Barthel index on day 7 after stroke onset. First emergency readmission < 12 months after discharge was registered. Survival state was obtained by consulting the official population registry. Results: In total, 1867 patients of which 283 (15%) patients had diabetes mellitus. Relative frequency of diabetes mellitus according to age showed and inverse U-shape with highest frequency at 75-80 years for males, whereas the frequency was independent of age among females. More males than females had diabetes mellitus. Patients with diabetes mellitus more often had myocardial infarction, angina pectoris, hypertension (all P<.001), and higher total risk factor burden (P<.001). Patients with diabetes mellitus had worse short-term outcome (P<0.001) and long-term mortality was increased. Patients with diabetes mellitus had more frequent first emergency readmission within 90 days (P=0.044). Conclusions: Stroke patients with diabetes mellitus have significantly more traditional risk factors. Short-term outcome and long-term mortality were worse. Relative frequencies of diabetes mellitus and age differed between males and females.
Introduction
Stroke and diabetes mellitus (DM) are two of the leading causes of death worldwide. The prevalence of stroke in adult patients with DM is high and the risk of death is about twice that of people of similar age without DM (Department of Health and Human Services, 2011). DM increases the risk of stroke by two to six times and may be complicated by retinopathy, kidney disease and peripheral neuropathy, and increases the risk of atherosclerosis and cardiovascular diseases (CVD)(Department of Health and Human Services, 2011).Approximately 30% of stroke patients have DM (Reeves et al., 2010) and 16% of patients with DM have stroke (Department of Health and Human Services, 2011).
The combination of stroke and DM is associated with worse stroke-related outcome, high disability and stroke recurrence (Reeves et al., 2010) , (Jia et al., 2011) . Approximately 20% of patients with DM die from stroke (Phipps et al., 2012) . Our aim was to compare the clinical characteristics, including risk factors, comorbidities, complications, short-term outcome and long-term mortality in cohort of acute ischemic stroke patients with and without DM in Western Norway. We hypothesized that patients with DM have more risk factors (other than diabetes mellitus), worse neurological deficits on admission and worse short-term outcome in a Stroke unit with relatively high frequency of thrombolytic treatment.
Methods
All consecutive patients with acute ischemic stroke (the index stroke) admitted to the Stroke Unit, Department of Neurology, Haukeland University Hospital between February 2006 and January 2012 were prospectively registered in a database (The Bergen NORSTROKE Registry). Cerebral infarction was defined in accordance with the Baltimore-Washington Cooperative Young Stroke Study Criteria comprising neurological deficits lasting more than 24 hours because of ischemic lesions or transient ischemic attacks where computed tomography (CT) or magnetic resonance imaging (MRI) showed infarctions related to the clinical findings (Rohr et al., 1996) . The National Institute of Health Stroke Scale (NIHSS) was used to assess stroke severity on admission. Shortterm outcome was defined by the modified Rankin scale (mRS) score on day 7 (Bamford et al., 1991) . OCSP has good inter-observer reliability (Lindley et al., 1993) . A variable representing the sum of traditional risk factors (prior myocardial infarction, angina pectoris, peripheral artery disease, hypertension, smoking and atrial fibrillation) was generated. Tissue plasminogen activator ( tPA) was administered to eligible patients according to the SITS protocol (Wahlgren et al., 2007) . In addition, tPA was administered in the 3-4.5 hour time-window and to patients >80 years based on a case by case evaluation. First emergency re-admission within one year after discharge was registered from the patient's medical chart. Early readmission was defined as readmission <90 days after discharge. Survival state was obtained by consulting the official population registry. The study was approved by the local Ethics committee.
Statistics
Chi-square, students t-test, MannWhitney's tests were used when appropriate. Logistic regression analyses with mRS scores 0-2 versus 3-6 as dependent variable were performed to analyze factors associated with short-term outcome. Logistic regression analyses with DM versus non-DM as dependent variable were performed to study risk factors associated with DM. Cox regression analyses were performed for long-term survival among patients alive 30 days after stroke onset. STATA 11.0 (Statacorp 4905 Lakeway Drive, College Station, Texas 77845 USA) was used for analyses.
Results
Of 1867 patients with acute ischemic stroke, 283 (15%) patients had DM. The number of patients with undiagnosed DM prior to admission was 24 (1.3%). Table 1 shows the demography of stroke patients with and without DM. More males than females had DM (P=.014) and patients with DM were older (P=.015) and had more often prior cerebral infarction (P=.014). In total, 44 (16%) with diabetes mellitus and 267 (17%) without diabetes mellitus received thrombolysis (P=.58). mellitusNumbers are presented as n (%) unless specified; TIA = transient ischemic attack Numbers are presented as n (%) unless specified; NIHSS = National Institutes of Health Stroke Scale There was a trend to more atherosclerosis according to TOAST criteria among patients with DM (P=.07). No differences were found in the distributions of OCSP subtypes.
Logistic regression with mRS score 0-2 versus 3-6 at day 7 as dependent variable showed that unfavorable functional outcome (mRS 3-6) was associated with DM after adjusting for confounders (Table  5 ). Including glucose level on admission as independent variable showed that glucose was associated with unfavorable outcome (OR=1.10, P=.001) whereas DM was no longer associated with outcome (P=.65). Logistic regression with or without DM as dependent variables showed that DM was associated with being male, not smoking, prior myocardial infarction, hypertension and more severe stroke (Table 6 ). There was no association between length of hospital stay and DM (P=.59). 
Discussion
Our study comprises a comprehensive comparison between ischemic stroke patients with and without diabetes mellitus. One important finding was that although diabetes mellitus was more frequent among old patients, assessing the sexes separately disclosed important differences. Among males the relative frequencies of diabetes mellitus increased with increasing age up to about 75-80 years and then declined. By contrast, among females the relative frequency of diabetes mellitus was constant irrespective of age interval. Other studies have disclosed conflicting results, finding that patients with diabetes mellitus are older (Megherbi et Our study shows that patients with diabetes mellitus have more traditional risk factors than patients without diabetes mellitus.
Thus, prior hypertension, myocardial infarction, angina pectoris and cerebral infarction analysed separately were significantly more frequent in the diabetes mellitus group. These results are compatible to findings in other studies (Reeves et al., 2010) (Harriott et al., 2013) .
Smoking was significantly less frequent among patient with diabetes mellitus, even when adjusting for age. It is likely that patients with diabetes mellitus are less prone to smoking because they are aware of the relation between smoking and diabetic complications. One study found no differences in smoking frequencies between stroke patients with and without diabetes mellitus (Megherbi et al., 2003) , but another study found frequencies in agreement with our study (Giorda et al., 2007) . We have recently shown that recurrent vascular events and long term mortality are highly associated with the number of traditional risk factors in patients with cerebral infarction (Gjerde and Naess, 2013), (Putaala et al., 2010) . Our study shows that the risk factor burden (other than diabetes mellitus) is especially high among patients with DM and cerebral infarction. This underlines the need for aggressive secondary preventive treatment among patients with diabetes mellitus. Physical activity, low fat, low carbohydrate diet, weight loss, moderation of alcohol, careful monitoring of diabetes, hypertension and others risk factors will reduce the severity and recurrence of stroke and improve quality of life (American Diabetes, 2012), (Hewitt et al., 2012) .
There was no significant difference as to stroke severity on admission between patients with and without diabetes mellitus. However, short-term outcome as measured by the mRS was significantly worse among patients with diabetes mellitus even after adjusting for confounding factors including stroke severity on admission. A possible explanation is that ischemic brain tissue is more vulnerable in patients with diabetes mellitus. Including glucose on admission in ______________________________________________________________________________________________________________ the multivariate analysis showed that short term-outcome was associated with hyperglycemia whereas now diabetes mellitus was no longer associated with outcome. This is in line with other studies that found hyperglycemia is associated with poor outcome (Bruno et al., 1999 We found no differences in the distributions of ischemic stroke subtype based on the OCSP classification. This is also consistent with another study (Kiers et al., 1992 We found that patients with diabetes mellitus had more complications than patients without diabetes mellitus during the hospital stay. Urinary retention, pneumonia and epileptic seizures were significantly more frequent among our patients with diabetes mellitus. Urinary retention was found as high as 44% in another study (Kong and Young, 2000) . The authors suggested diabetic cystopathy as cause, and they believed retention to be a transient phenomenon that should be followed by postvoid residual screening in all patients immediately after stroke (Kong and Young, 2000) . Another study reported high frequency of pneumonia in older patients with stroke and diabetes (30%). Older age, higher NIHSS on admission and dysphagia may predict the occurrence of pneumonia on stroke onset (Zhang et al., 2012b) . Hyperglycemia may be a significant factor that induces epileptic seizures in some patients (Arboix A, 1996) , (Azra Alajbegovic, 2002). We found that patients with ischemic stroke and diabetes mellitus had higher frequencies of first emergency readmission, which is supported by another study (Sun and Toh, 2009) . Main diagnoses for patients readmitted within 3 months were cardiovascular disorders, stroke related causes and infections.
Diabetes mellitus was not associated with mortality within the first 30 days after stroke onset among our patients. By contrast, another study found increased early mortality in patients with stroke and diabetes mellitus (Kiers et al., 1992) . We found that among 30 days survivors long term mortality was associated with diabetes mellitus after adjusting for confounders. Another large study found that diabetic patients did not have significantly higher mortality rate at 60 days and 1 year after stroke onset, but long term mortality was higher among stroke patients with diabetes mellitus (Kamalesh et al., 2008) .
One of the strengths of this study is the inclusion of patients living in a well-defined geographical region. Admission threshold is low for patients with possible acute stroke. This indicates that few cases escaped our attention. Another of the strengths of this study is access to the mortality data from the official population registry. All deaths in Norway are reported. A limitation of the study is that the cause of death was unknown. Another limitation is that we do not know the functional outcome 3 months after stroke onset.
Conclusion
Patients with diabetes mellitus and cerebral infarction have poorer short-term functional outcome, more complications, more early readmissions and higher longterm mortality than patients with cerebral infarction and without diabetes mellitus. Relative frequencies of diabetes mellitus
